This paper contributes to research on organizational learning by investigating specific learning activities undertaken by improvement project teams in hospital intensive care units and proposing an integrative model to explain implementation success. Organizational learning is important in this context because medical knowledge changes constantly, and hospital care units must learn if they are to provide high quality care. To develop a model of how improvement project teams promote essential organizational learning in health care, we draw from three streams of related research -best practice transfer (BPT), team learning (TL), and process change (PC). To test the model's hypotheses, we collected data from 23 neonatal intensive care units seeking to implement new or improved practices. We first analyzed the frequency of specific learning activities reported by improvement project participants and discovered two distinct factors: learn-what (activities that identify current best practices) and learn-how (activities that operationalize practices in a given setting). We then conducted general linear model analyses and found support for three of our four hypothesis. Specifically, a high level of supporting evidence for a unit's portfolio of improvement projects was associated with implementation success. Learn-how was positively associated with implementation success, but learn-what was not. Psychological safety was associated with learn-how, which was found to mediate between psychological safety and implementation success.
Introduction
In recent years a series of seminal reports sponsored by the Institute of Medicine have documented significant quality problems in American health care (2001) . Problems of overuse and underuse have resulted in misalignment of medical care resources with patients' needs (Chassin et al. 1998 ).
Additionally, research has documented inconsistencies in health care practices that suggest that the quality of treatment received by different patients varies enormously (McGlynn et al. 2003 , Wennberg 2002 ). In the wake of these findings, health care organizations face a growing imperative to identify and spread best practices (McGlynn et al. 2003) . However, best practices in health care present an imprecise and moving target. Rapidly changing knowledge (Chassin et al. 1998) , disagreement over the efficacy of recommended practices (Cabana et al. 1999) , difficulty adjusting to new clinical, organizational and interpersonal routines , and the need to modify practices to be context appropriate (Berta and Baker 2004) hamper organizational attempts to change existing practices so as to reflect current state-of-the-art. Identifying and implementing improved practices is an organizational learning process that requires systematic study.
The aim of the present research is to understand how hospital units, as complex service organizations, successfully implement best practices, or -as is more often the case -"potentially better practices" (Horbar et al. 2001 ). We define a work practice as a set of interrelated work activities that is informed by a body of knowledge or expertise and repeatedly utilized by individuals or groups to achieve a specified goal (Flynn et al. 1995 , Schon 1983 , Szulanski 1996 . Work practices are thus a subset of the more general concept of organizational processes. Practices necessarily involve people and knowledge; people must apply knowledge to particular situations, and so changing practices requires changing behavior. The ability to predict and foster implementation success (defined as employee commitment to and consistent use of new, better practices (Klein and Sorra 1996) ) is vital for health care organizations.
In developing our arguments, we draw from three relevant literatures-best practice transfer, team learning, and process change. First, documented better health care practices often exist that should be transferred across organizations. Some better practices are clinical, such as the consistent use of beta-blockers for heart attack patients or annual colorectal cancer screening for people over 50. Others are operational, for example, using multidisciplinary rounds that include pharmacists to reduce medication errors. Therefore, the literature on best practice transfer (BPT) informs our question. Second, the literature on team learning (TL) also can provide insight given that implementation of new practices is often led by a team and involves trial and error learning . TL research examines collaborative efforts of cross-disciplinary groups to improve current knowledge through problem-solving and experimentation (Allen 1977 , Sarin and McDermott 2003 .
This stream has emphasized the need for a supportive organizational context to enable behaviors required for learning, and described an iterative process of reflection and action that fuels team learning (Edmondson 2002 , Schippers et al. 2003 . Third, operations management scholars have modeled process change efforts (PC). This body of research focuses on changes in production processes made in response to technological advances (Carrillo and Gaimon 2000) -a similar phenomenon to healthcare organizations adjusting their practices to reflect advances in knowledge and technology. Scholars suggest that process change will be more successful if managers invest in deliberate-or "induced"-learning activities (Dorrah et al. 1994 , Fine 1986 , Mukherjee et al. 1998 , and that higher levels of knowledge about causal links between process inputs and outputs enable implementation (Bohn 1994) . This paper addresses a question at the nexus of these three literatures: How do improvement project teams identify, adapt and spread new practices in their organizations (Argote et al. 2001) ? To answer this question, we empirically examine organizations using improvement project teams to learn. For brevity, we will refer to such teams as "project teams". An organization has learned when its members uniformly modify a work practice to reflect new knowledge (Garvin 2000) . In our context, hospital units learn when members consistently use a new practice. Project teams create organizational learning through activities that spread the new practice throughout the unit, such as disseminating research articles about the practice and trial runs. We incorporate an important variable seldom considered in organizational learning research -level of supporting evidence for the practices being learned -and we investigate which learning activities are most important to success (Argote et al. 2001 , Mukherjee et al. 1998 , Schippers et al. 2003 , Zellmer-Bruhn 2003 . Two types of learning activities emerged in data analysis, which we refer to as learn-what and learn-how. Learn-what involves identifying existing knowledge, and learn-how engages people in knowledge discovery or modification, enabling it to be used in a new context.
In the next section, we further review research on BPT, TL and PC, and develop four hypotheses about implementation success in the health care context. To test these hypotheses, Section 3 describes the data we collected in 23 intensive care units. Section 4 presents the analyses and results, and Section 5 discusses the implications of our findings for future research and for health care and other managers.
Implementing New Practices: Theory and Hypotheses

Best Practice Transfer
Research on best practice transfer (BPT) focuses on organizational efforts to identify and transfer work practices that yield desired results in one location to another, presumably lower-performing, location (Baum and Ingram 1998 , Darr et al. 1995 , Szulanski 1996 , Winter and Szulanski 2001 , Zander and Kogut 1995 . BPT research shows that when best practices are successfully transferred within and across organizations, performance improves at the recipient unit (Baum and Ingram 1998 , Darr et al. 1995 , O'Dell and Grayson Jr. 1998 , Winter and Szulanski 2001 . However, empirical research also reveals the difficulties of transferring knowledge across organizational borders (Argote 1999 , Szulanski 1996 . Accordingly, the BPT literature emphasizes practice, organizational, and environmental characteristics that influence transfer success (Argote et al. 2001) . Notably, practice codifiability and context-independence enable transfer (Argote 1999 , Szulanski 1996 , Zander and Kogut 1995 . However, many best practices contain a large tacit component that cannot be codified or contain context-specific aspects. One estimate from the semiconductor industry assesses 80% of best practices intended for transfer as non-codifiable (O'Dell and Grayson Jr. 1998) . Therefore, researchers have focused on identifying effective mechanisms for transferring tacit knowledge, such as rotating workers between units (Song et al. 2003) or embedding knowledge in technology (Epple et al. 1996) . Exact replication also can help transfer tacit knowledge by including all elements of a practice (codified and tacit), even when the rationale for each element is not understood (Winter and Szulanski 2001) . Other research finds that organizational factors such as prior transfer experience (Zander and Kogut 1995) and absorptive capacity (Szulanski 1996) drive transfer success. Additionally, the strength of social ties between individuals in source and target sites are presumed to facilitate transfer by easing interpersonal interaction (Baum and Ingram 1998, Darr et al. 1995) .
Applying lessons from the BPT literature, such as the benefit of prior experience, to healthcare organizations faces obvious limitations. BPT studies largely stem from high-volume, manufacturing organizations seeking to replicate high performing plants such that the company can produce identical products in multiple locations. Health care organizations, in contrast, are complex service organizations that face profound variability in patients, resources, staff mix, and facilities across organizations.
Furthermore, Berta and Baker (2004) argued that many of the best practices needing to be transferred in health care are composed of tacit knowledge, suggesting a need for exact replication to ensure effective transfer. Yet, exact replication may not be beneficial when organizational culture or context varies significantly (Baum and Ingram 1998) , as is often the case with different hospitals and hospital units (Berta and Baker 2004) . Thus, for industries like health care delivery that may require substantial adaptation of practice to context, BPT advice may be inadequate, and possibly even counterproductive.
Team Learning
The team learning (TL) literature has examined how teams manage the interpersonal challenges of developing or implementing new practices within their work groups or organizations (Argyris and Schon 1978 , Edmondson 2002 , van der Vegt and Bunderson 2005 . This work builds on the premise that teams are effective vehicles for organizational learning and performance improvement (Argote et al. 2001 , Guzzo and Dickson 1996 , Leonard 1995 , Nonaka and Takeuchi 1995 , Senge 1990 . Health care organizations increasingly use multidisciplinary teams to improve unit-wide clinical practices (Horbar et al. 2001 , Uhlig et al. 2002 . Thus, we examine how project teams within neonatal intensive care units (NICUs) identify, adapt and implement best practices unit-wide (organizational learning).
TL research describes what constitutes successful team processes and which organizational variables support good team processes (Cohen and Bailey 1997, Guzzo and Dickson 1996) . Effective team learning processes include trial-and-error experimentation and collaborative problem-solving (Argyris and Schon 1978 , Bunderson and Sutcliffe 2002 , Edmondson 1999 . When project teams take action to experiment and reflect on their actions-including mistakes that might have been made-to improve future problem-solving cycles, they can be said to be learning (Edmondson 2002 , Schippers et al. 2003 .
Research suggests that willingness to engage in this process depends on a supportive organizational context and, more specifically, a supportive interpersonal climate. Prior studies noted the positive effects of facilitative leadership (Edmondson et al. 2001, Sarin and McDermott 2003) , psychological safety (Edmondson 1999) and collective team identification (van der Vegt and Bunderson 2005) .
TL research thus has shed light on the process of adapting work practices and identified social and organizational antecedents, but paid less attention to the specific learning activities that promote successful implementation, and ignored variance in the state of knowledge underlying a given set of work practices -a factor of central conceptual and practical importance in health care.
Process Change
Operations management researchers have investigated process change (PC) within organizations using mathematical modeling and empirical data, primarily from manufacturing settings. The underlying premise is that managers decide how much effort to divert from current production into deliberate qualityenhancing/cost-reducing efforts (Carrillo and Gaimon 2000 , Dorrah et al. 1994 , Fine 1986 ). This "induced learning" differs from autonomous learning -the beneficial side-effect of cumulative production volume identified in learning curve studies (Dorrah et al. 1994 , Fine 1986 , Li and Rajagopalan 1998 .
Managers are motivated to allocate resources to induced learning when they face a gap between desired quality levels and actual quality levels (Li and Rajagopalan 1998) or face an industry-wide technology change (Carrillo and Gaimon 2000) . Researchers assert that even with high levels of induced learning, process change in organizations is difficult-especially across locations and shifts of employees (Tyre and Hauptman 1992) . Engaging in induced learning before implementing change, through employee training and off-line experimentation with the new technology, can improve performance (Carrillo and Gaimon 2000, Tyre and Hauptman 1992) . Furthermore, understanding scientific knowledge about inputs and outputs ("conceptual knowledge") and knowing to obtain desired results ("operational knowledge") leads to the highest levels of process change success (Bohn 1994 , Mukherjee et al. 1998 .
Although this research has focused on manufacturing firms (e.g. Carrillo and Gaimon 2000 , Li and Rajagopalan 1998 , Tyre and Hauptman 1992 , identifying which induced learning activities promote process change in health care may extend its relevance to complex service organizations
An Integrative Theory of Practice Implementation in Health Care
Collectively BPT, TL, and PC research point to key categories of factors to consider in predicting the success of new practice implementation in health care: (1) knowledge properties of work practices, (2) social and organizational factors and (3) induced learning efforts. Within these categories, we identify a set of specific variables, the level of evidence supporting new practices; psychological safety; and two types of learning activities -learn-what and learn-how. Below we develop justification for these four variables and hypotheses related to each.
Evidence: A knowledge-related property of health care practices. The BPT and PC literatures highlight the importance of knowledge-related properties of practices on implementation success (Argote 1999 , Bohn 1994 . The foremost concern related to potentially better practices in health care is the level of published evidence proving that the portfolio of recommended practices will result in better outcomes for patients. Interest in this knowledge-related characteristic often begins with medical training which emphasizes using practices supported by strong research evidence (Institute of Medicine 2001). The quality of research evidence varies, as evidenced by a classification system developed by Muir Gray (1997) . At the strong end of the scale, meta-analyses of randomized clinical trials (RCTs) are regarded as the highest level of evidence. At the weak end, anecdotal opinion is considered the lowest form of evidence. In between these extremes, in order of decreasing evidence are a single RCT, non-experimental studies, and qualitative studies. We propose a link between level of evidence and implementation success. When the evidence for practices are high (i.e. meta-analysis of RCTs), health care professionals can have greater confidence that the portfolio of practices will produce desired results without exposing patients to inappropriate risks. At an extreme, strong evidence provides nearly irrefutable justification for implementation, and failure to do so would be medical negligence. Similarly, research support produces greater confidence in the proposed new practices, which in turn should stimulate greater implementation motivation. Motivation can also be sparked by the performance benchmark available when other organizations-as shown in published research papers-have better outcomes with the new practices than the organization considering implementation has with its current method (Meyer and Goes 1988) . Such motivation in turn fosters implementation success (Szulanski 1996, Zander and Kogut 1995) , perhaps because the knowledge that others have succeeded with the new practices encourages persistence with the difficult task of changing behaviors (Meyer and Goes 1988) . In contrast, when the level of evidence for a bundle of practices is low, the legitimacy is easily questioned and motivation to comply is low. A literature review of the barriers to implementation of recommended clinical practices found that lack of agreement about the purported benefits was the second-largest reason for physician non-compliance (Cabana et al. 1999) . In summary, a portfolio of new practices (defined as the set of practices being implemented concurrently in an organization) will be implemented more successfully if it is supported by high levels of evidence. Learning activities. The activities used by a project team to a) find better practices; b) modify these practices to fit its context; and c) disseminate the better practices within the unit should also influence the implementation success of its portfolio of better practices. Prior work shows that project teams vary in their learning activities (Bunderson and Sutcliffe 2002 , Edmondson 1999 , van der Vegt and Bunderson 2005 , even within the same organization (Edmondson 2002) . Moreover, this process variance predicts performance. Teams that iteratively engage in reflection and action perform best (Edmondson 2002 , Schippers et al. 2003 .
These types of activities have been called reconstruction and external relations/transfer processes (Argote et al. 2001) ; learning processes (Mukherjee et al. 1998) ; and internal and external processes (Cohen and Bailey 1997) . We refer to them as simply "learning activities", which indicates that the actions can include both internal (e.g. project group meetings) and external process (e.g. site visits to other NICUs), and can be performed by the project team (e.g. literature reviews) and in conjunction with the larger unit (e.g. disseminating articles or pilot runs). Bundles of learning activities work together to create different types of knowledge, which Garud (1997) has termed know-what, know-how, and knowwhy. To reflect the fact that hospitals did not "know" a priori what to do, but instead engaged in learning activities to discover and modify best practices, we follow the convention set by Edmondson and Moingeon (1996) and define the terms "learn-what" and "learn-how." Learn-what describes a bundle of learning activities that seek to identify best practices. We use learn-how to refer to a bundle of learning activities aimed at discovering the underlying science of a better practice so as to operationalize the practice in a target organization. In the present study, therefore, the categories of know-how and knowwhy are both seen as outcomes of learn-how, because these two types of knowledge are tightly related in the context of health care practices. As illustrated later in this paper, learn-how tends to involve deep understanding of why a practice works, as well as how to carry it out. Even when separable, prior research has shown that know-how is a stronger predictor of goal achievement than know-why (Mukherjee et al. 1998 ).
Health care organizations face the challenges of both learning what better practices exist and how to implement them. Knowledge in the health care environment fluctuates rapidly, making it difficult to keep abreast of all potentially better practices. Project teams who engage in learn-what activities, such as literature reviews and site visits to other similar organizations, are likely to discover both better practices and implementation tips that increase the likelihood of successful knowledge transfer. Research conducted outside of health care supports this hypothesis. Darr and colleagues (1995) observed that pizza store project teams who conducted site visits to other pizza stores within their franchise learned better ways of organizing their inventory, which they implemented with great success. Therefore, we propose that learn-what fosters implementation success in health care.
HYPOTHESIS 2. Learn-what will be positively associated with the implementation success of a unit's portfolio of new practices.
Transferring best practices across organizational boundaries is not a simple process (Argote et al. 2001 ). Exact replication is often not possible because of structural or operational differences between organizations (Spear 2005) . As a result, successful implementation often requires experimentation with the practice to customize it for the target organization-in other words, learn-how (Klein et al. 2001 ). Spear's (2005) research on implementing the Toyota Production System in a network of Pittsburgh hospitals found that contextual work differences between two hospitals prevented a project team from one hospital from applying specific fixes developed at the second hospital. Instead, the adopting hospital's project team needed to engage in learn-how to find and tailor its own solutions to the problem. Similarly, prior research on implementation of computerized production support systems (Klein et al. 2001) , experimentation (Allen 1977 ) and operational learning (Mukherjee et al. 1998) shows that project teams were more successful when they engaged in high levels of these activities. Thus, we expect that the implementation success of a practice portfolio will correlate with learn-how. Organizational context. Prior research has shown that learn-how, which requires experimentation and collaborative problem-solving, occurs more frequently in supportive organizational contexts (Edmondson 1999 , Klein et al. 2001 . A supportive organizational context includes several, related aspects, such as managers modeling cooperative problem-solving behavior (Edmondson 1999, Sarin and McDermott 2003) , organizational support (e.g. financial and non-financial resources and rewards to accomplish the goals) (Hackman 1990 , Klein et al. 2001 , and psychological safety (Edmondson 1999) . Psychological safety refers to a supportive work unit in which members believe that they can question existing practices, express concerns or dissent, and admit mistakes without suffering ridicule or punishment. As prior research has found that manager coaching and psychological safety are both highly correlated and theoretically causally related (e.g. Edmondson 1999), we consider only psychological safety -the causally proximal variable -in this paper to minimize multicollinearity. Furthermore, studies of practice change in health care organizations have recognized the importance of psychological safety, despite strong industry-specific factors that inhibit open discussion of errors, such as a rigid, profession-based hierarchy and a tendency to blame individuals for system-generated mishaps (Institute of Medicine 2001).
Project teams conduct their activities-such as dry runs and pilot tests-within the unit context. Therefore, we propose that the level of psychological safety in the unit will impact the project teams' willingness to use learn-how. In summary, psychological safety in the unit should enable learn-how. 
Methods
Research Context
The research sites for this study, NICUs, are highly specialized hospital units that provide care for premature infants and critically ill newborns. Approximately 9% of newborn babies are admitted annually to a NICU, where they receive care from a multidisciplinary group of neonatologists, nurses, respiratory therapists and other allied health professionals. In recent years, substantial clinical and technological progress has led to higher survival rates as well as to the viability of increasingly smaller and sicker infants.
The constant advancements have created a salient need for NICUs to learn what new practices have been discovered, and how to implement better practices locally.
To address these learning challenges, in 2002, 44 NICUs in the United States and Canada joined a collaborative to facilitate best practice transfer, and invited us to study their efforts. As a foundation for conducting their improvement work, project teams consisting of 3 to 7 people from these NICUs attended collaborative-wide meetings every six months where industry consultants taught them strategies for driving organizational change, such as rapid cycle improvement, root cause analysis and systems thinking (Horbar et al. 2001) . The project teams typically consisted of a neonatologist, nurse practitioner, nurse, nursing unit director, and a respiratory therapist.
At the meetings, project teams from different NICUS worked together to discover better practices related to seven targeted areas. Thirty-four NICUs participated in only one target area, while ten other NICUs had two teams working on two separate target areas. The seven areas were as follows: pain management and sedation (12 NICUs), infection control (7 NICUs), respiratory care (16), maternal and newborn departmental collaboration (5), staff retention (7), family-centered care (3), and discharge planning (5). Multiple better practices were identified for each area, with a total of 93. (Table 1 of our online supplement provides more details on the seven target areas and related practices.)
In addition to formal, collaborative participation in the assigned target area, project teams could also decide to implement best practices from other, non-assigned target areas. Each NICU, on average, implemented or was working on implementing 36.2 practices, with a standard deviation of 10.9. For clarity, we refer to the bundle of practices implemented within a target area as an improvement project.
All NICUs engaged in several concurrent improvement projects, with a mean of 3 areas. Three of the NICUs' project teams met weekly, four met every other week, 11 met monthly, and 5 met every other month. Meetings ranged from 30 to 90 minutes.
Data Collection Process
Our unit of analysis was the NICU. We collected data from the NICUs in the collaborative in three phases.
First, we visited four NICUs, where we observed unit functioning and interviewed 23 project team members to better understand NICUs and project teams' improvement efforts. This phase was conducted to facilitate the design of a survey that would be applicable across the full range of hospitals in the collaborative. We thus selected a sample of four NICUs from the population of 44 that included differences in teaching status, size, past collaborative participation and improvement projects (e.g., infection control versus respiratory care). Table 2 of our online supplement provides details about the visited sites. At each site, we toured the unit and interviewed 5 to 7 project team members representing a cross-section of roles using open-ended questions about their improvement projects. Interviews were tape-recorded and lasted 30 to 90 minutes.
Upon our return home, we created detailed transcripts of our visits, combining both tape-recorded and handwritten notes. We extracted from the transcripts a list of learning activities mentioned by project team members during the interviews. We used this list of inductively-generated items in our survey to gather data about project teams' learning activities.
In the second phase, from September 2002 to June 2003, we created and administered a two-part organizational assessment survey. Each hospital's Internal Review Board approved our study before administering the survey. The survey items came from a prior survey completed by the previous NICU collaboratives (Baker et al. 2003) , to which we added constructs from BPT and TL literatures, as well as the list of learning activities from our site visit data. Part I of the survey, which gathered information about respondent demographics, psychological safety, and the general success of NICU improvement projects, was completed by everyone. At the end of Part I, the survey wording instructed continuing on to PART II ONLY for individuals who were project team members for one of the projects shown in the customized list in the NICU's cover letter. Part II gathered information related to a single project, which the respondent selected from the customized list and wrote on a line on the survey. We pilot tested the survey with the four NICUs we visited. Descriptive statistics and psychometric tests indicated no need to alter the survey and results triangulated our site visit observations, lending credibility to the validity of the survey instrument. We did not include pilot data in further analyses.
We then invited the 40 remaining, non-pilot site NICUs in the collaborative to participate in the survey. Twenty-three agreed, for a NICU response rate of 58%. We compared participating sites to nonparticipating sites, and found no significant differences between the two groups on a variety of structural, clinical, and patient acuity measures. For example, there were no differences based on hospital ownership type (not-for-profit, for-profit, government), teaching status, level of severity of the care provided in the NICU, volume of extremely low birth weight babies (ELBW, less than or equal to 1000 grams), number of times the site participated in prior collaboratives (0, 1 or 2), length of stay, percentage of ELBW babies with Apgar scores < 3 one minute after birth, percentage of babies transported from another hospital ("outborn"), average birth weight and gestational age. Table 2 respondents. Because NICUs conducted multiple improvement projects, we deliberately solicited information about multiple projects per NICU to gain a more accurate picture of unit-level learning. We received data about 69 NICU-project combinations and of these, 44 (64%) had more than one respondent.
We had data from an average of 3 projects per NICU (st dev = 1.5).
Study Variables
Perceived Implementation Success
We used three items to measure the extent to which staff perceived that new practices improved NICU care.
These items, drawn from Baker and his colleagues (2003), included "The quality improvement projects currently underway in this unit are making a difference in how we do things", "Members of this unit have changed their behaviors to match the practices recommended by the quality improvement projects", and "Our work on these projects has improved the care we give to our neonates." Respondents indicated their agreement with these statements on a seven-point scale (1 = strongly disagree, 7 = strongly agree).
Cronbach's alpha was 0.87, surpassing the .70 threshold for reliability suggested by (Nunnally 1967 ).
Level of Evidence
We used the collaborative's ratings of level of evidence for the different projects. Project teams from different NICUs working together on a target area, in conjunction with a subject-matter expert, reviewed medical literature for each potentially better practice in that area and collectively assigned a Muir Gray (MG) score to each practice (Muir Gray 1997). The MG score indicated the level of scientific evidence linking the proposed practice with desired results, ranging from 1 (a high level of evidence) to 5 (little evidence). Table 3 in our online supplement provides details on the criteria for MG scores. We averaged the MG scores for all of the practices within each target area to create an average MG score. The average scores from highest evidence base to lowest, were 1.9 for pain and sedation (10 practices), 2.3 for infection control (7 practices), 2.5 for respiratory care (15 practices), 4.0 for staffing (5 practices) and NICU-maternal collaboration (6 practices), 4.8 for family-centered care (27 practices) and 5.0 for discharge planning (23 practices, all scored as 5).
Learning Activities
As previously mentioned, from our interviews we identified 12 learning activities that project teams performed for their improvement projects. The activities included: site visits to other NICUs, literature reviews, distribution of articles to staff, project team meetings, solicitation of staff ideas, use of workbooks of potentially better practices compiled by previous collaboratives, opportunities for staff to provide feedback prior to full implementation, pilot-runs of practices, education sessions with staff, conference calls with other NICUs focused on the same improvement area, and Plan-Do-Study-Act problem-solving cycles.
We did not supplement this list with other activities mentioned in the improvement literature such as the use of external consultants who teach improvement techniques (Wysocki 2004 ) and site visits to successful nonhealth care organizations (Spear 2005 ) not mentioned in the interviews with project team members, because the list was developed to reflect the experiences of the study sample.
We listed the 12 learning activities in Part II of the survey and asked project respondents to rate how frequently their project team used each learning activity during the course of the single project they had identified (1 = did not use the practice at all, 5 = used the practice to a very great extent). We conducted an exploratory factor analysis of the 12 learning activities. First, we performed principal component analysis with varimax rotation to identify the number of latent factors. Applying the Kaiser rule of only retaining factors with eigenvalues greater than one, we arrived at a three-factor solution (eigenvalues 5.88, 1.16, 1.03), explaining 67.3% of variance in the survey data. We then performed principal axis factoring stipulating a three-factor solution and used an oblique, promax rotation, in recognition that different learning activities were likely correlated. Retaining only items with factor loadings of .45 or greater on only one factor in the pattern matrix (which is more easily interpreted than the structure matrix), we found 6 activities loaded uniquely on the first factor, 3 on the second and 1 on the third. Two items failed these criteria and were dropped from subsequent analysis. We reran principal axis factoring with an oblique, promax rotation using only the ten items. In this analysis, the first factor had an eigenvalue of 5.26, the second 1.07, and the third .76. The low eigenvalue of the third factor coupled with the fact that only a single item, project group meetings, loaded on it, motivated us to discard this factor and rerun the analysis with the ten items specifying a two-factor solution. The solution explained 63% of the variance in our data.
The first factor, which we termed learn-how, included six activities that allowed for the experiential learning required to adapt better practices to each unit: staff feedback prior to implementation, solicitation of staff ideas, education sessions with staff, project team meetings, pilot-runs (limited short time implementations of a new practice), and the use of problem solving cycles (Plan-Do-Study-Act cycles).
Cronbach's alpha for this scale was 0.88. The second factor, which we termed learn-what, included four activities for discovering existing best practice information: distributing articles to staff, conducting literature reviews, site visits to other hospitals, and conference calls with other hospitals. Cronbach's alpha was .75. Table 1 lists the items and their factor loadings.
Insert Table 1 about here
Psychological Safety
We used three items modified from Edmondson's (1999) scale to assess psychological safety: "People in this unit are comfortable checking with each other if they have questions about the right way to do something", "The people in our unit value others' unique skills and talents" and "Members of this NICU are able to bring up problems and tough issues." Respondents indicated their agreement with these items on a seven-point scale (1= strongly disagree, 7 = strongly agree). Cronbach's alpha was .74.
Control Variables
Other variables outside of our model could have influenced implementation success. For example, units with greater staff tenure (number of worked years in the unit) might enjoy greater organizational power and ability to gather necessary resources for improvement projects (Bunderson and Sutcliffe 2002) , thereby accelerating the pace and success of their projects. Units whose employees on average worked more hours per week (hours) might have better teamwork and greater motivation to improve unit practices, which increased their efforts and opportunities for success.
To control for alternate hypotheses, we ran a general linear model to test the influence of the following control variables on our dependent measure: tenure, hours, hospital ownership type (e.g. government, notfor-profit, for-profit); hospital teaching status; highest level of NICU care (no major surgery, no cardiac surgery, all surgery); volume of extremely low birth weight (ELBW) babies; number of times participated in a prior collaborative (0, 1, or 2); and the number of potentially better practices from the 2002 collaborative that the unit implemented or was in process of implementing (mean 36.2, std. dev. 10.9). Our model also included validated risk adjusters from the NICU patient population to control for the possible influence of patient acuity: length of stay (LOS); percentage of ELBW babies who had an Apgar score < 3 one minute after birth (Apgar); percentage of babies transported into the NICU from another hospital (outborn); average birth weight and gestational age (Richardson et al. 2001) . Given our small sample size (N=23), we could not include all of the control variables in our models, and therefore retained only those variables that explained at least 5% of the variance, as measured by the partial eta-squared value. Our final control variables were staff tenure, weekly hours, level of NICU care, number of prior collaboratives, number of practices, outborn, and LOS.
Use of Independent Data Sources
We designed the study to mitigate the problem of inflated correlations among self-reported variables.
First, we linked non-project nurses' measures of psychological safety and perceived implementation success with learning activity data (learn-what and learn-how) gathered only from project team members, regardless of profession. The one exception was when psychological safety and implementation success were in the same model. In that case, we used project team members' report of psychological safety and nurses' view of success. We excluded physicians' measures of psychological safety and perceived implementation success because prior research has shown that nurses provide more accurate and conservative reports of organizational climate and performance (Baggs et al. 1999 , Leonard et al. 2004 ). Our analysis replicated the earlier studies. We found that physicians, on average, had higher scores for psychological safety and perceived implementation success than did nurses (6.2 versus 5.6 for psychological safety; and 6.2 versus 5.7 for implementation success; both variables significant at the alpha <.001 level). Although other professional groups, such as respiratory therapists, did not differ significantly from nurses on either variable (5.3 for psychological safety; 5.6 implementation success), we chose to rely only on nurses' reports of psychological safety and implementation success because having multiple professional groups lowered interrater reliability and nurses were the larger population in our sample (n=846 versus 108 therapists).
Second, we used a measure for level of evidence that was independent of our survey data. This use of multiple, distinct respondents and sources helped minimize inflated correlations between measures of level of evidence, learning activity, psychological safety and implementation success that might otherwise occur with single respondents (Spector 1994) .
Analysis and Results
Aggregation of data
Our dependent variable, perceived implementation success, was conceptually meaningful at the unit level, necessitating aggregation of individual responses to the NICU level (N=23). To ensure aggregation was appropriate, we calculated within-group agreement measures for our composite variables of perceived implementation success, psychological safety, learn-what and learn-how (Bliese 2000, Klein and Kozlowski 2000) . Following Bliese's (2000) suggestion, we calculated an interrater agreement score (r WG ) for each NICU's measures of each composite variable using the method outlined by James and colleagues (James et al. 1993) . The mean r WG was 0.76 for implementation success, 0.73 for psychological safety, 0.66 for learnwhat, and 0.72 for learn-how, suggesting adequate agreement for aggregation at the NICU-level (Glick 1985 , Zellmer-Bruhn 2003 Table 2 Insert Table 2 about here We tested our hypotheses using generalized linear models (GLM) at the unit level (N=23). As mentioned earlier, we controlled for past collaborative participation, level of care provided by the NICU, average years worked in the unit, average hours worked per week, number of implemented best practices, percentage of outborn babies, and average length of stay. In addition, to control for the alternative hypothesis that organizational support for improvement projects impacted implementation success (Klein et al. 2001) , we included an "organizational support" survey measure gathered from project respondents. It consisted of two items related to financial and non-financial support for the improvement projects. Model 1 in Table 3 The regression equation is shown below.
Findings
1 Recall that only improvement project staff provided learn-how data. Therefore, to reduce correlation due to common respondents, we used non-improvement project nurses' ratings of psychological safety. 2 Recent research by Shaver (2005) suggests that two-stage least squares (2SLS) is a more appropriate method for testing a mediation hypothesis than the method outlined by Baron and Kenney (1986) . Shaver's method reduces the problem of correlated error terms in equations 2 and 3 by replacing the actual mediator data-in our case, project team members' rating of learn-how-with either (1) an instrumental variable (a variable that can be a surrogate for the mediator variable, but is theoretically uncorrelated with the outcome variable) or (2) predicted values of the mediator estimated from Equation 2. However, as stated in Kennedy (2003) the challenge of using instrumental variables is finding a suitable instrument. We were unable to find an indicator of learn-how that could not be presumed to also influence perceived implementation success because such activities (for example meetings and/or communications with NICU members) would be visible to staff members thereby potentially influencing measures of implementation success and therefore were not superior to the learn-how measure from our survey data. In addition, as we had different sources of data for learn-how and psychological safety, our measure of learn-how was less correlated with psychological safety than a predicted value of learn-how based on psychological safety would be (using project members' data r = .36, two-tailed p=.09 versus predicted values' r =.63, p=.001). Therefore, we concluded that given our data, it was more appropriate to In summary, we found that success at implementing improvement projects was positively associated with higher levels of supporting evidence for a unit's portfolio of projects and higher levels of learn-how.
Our results are also consistent with the notion that learn-how-a trial and error process carried out through dry runs and structured problem solving cycles-is fostered by psychological safety. Learn-how mediated the relationship between psychological safety and implementation success. Learn-what activities had no direct effect on success in this sample.
Insert Table 3 about here
Discussion and Conclusions
This research examined factors associated with successful implementation of new practices in health care organizations. We sought to better understand a particular approach to making this happen -the use of improvement project teams as organizational change agents. This approach is consistent with prior theorizing on the importance of teams generally for organizational learning (Edmondson 1999 , Senge 1990 ), but offers a more specific conceptualization of how project teams can be used for deliberate or induced learning. Project teams are useful for this purpose because even well motivated individuals working alone are likely to find it difficult to effect organizational change. Project teams can help overcome barriers to change because they introduce commitment to results and promote engagement in learning by individuals directly responsible for carrying out the organization's work.
The health care organizations studied here explicitly created project teams as temporary learning systems, supplementing current operations. More generally, this approach helps solve a problem identified in prior research: busy health care professionals, consumed by their regular jobs, rarely act upon opportunities to engage in process improvement (Tucker and Edmondson 2003) . A similar challenge faces other complex service organizations: when employees face variable and unpredictable customer demands, their ability as individual service providers to figure out how to improve work processes is use our survey measure of learn-how than to use 2SLS due to the high correlation between psychological safety and predicted learn-how values in 2SLS.
limited by lack of accountability and lack of perspective on the full set of work processes.
At the same time, project teams by themselves do not ensure successful implementation of new practices. Many teams are ineffective (Hackman 1990) . Employees may resist changes imposed by project teams. Scholars theorize that resistance derives in part from the "not-invented-here" syndrome, skepticism toward external sources and over reliance on local knowledge (Katz and Allen 1982 ). Yet, the suspicion that typically surrounds imported practices, particularly for health care professionals trained to be critical, may be countered by evidence. Our results showed that NICUs with practices supported by high levels of scientific evidence experienced greater implementation success. Although our data cannot prove causality, the motivating effects of legitimacy gained through evidence could explain this result. Similarly, Szulanski's (1996) research showed that best practice transfer occurred with greater ease when the recipient regarded the source as trustworthy and reputable. Szulanski inferred that recipients' belief that the source had valuable information motivated their transfer efforts, reducing stickiness. Our findings also support a motivationbased explanation of the relationship between level of evidence and implementation success. In interviews, informants referred to health care providers' drive to do the best for their patients. Therefore, when a new practice comes with a strong evidence base, most caregivers will be motivated to adopt it.
However, motivation is seldom enough. Believing that it is a good idea to implement a new practice is different from knowing how to use the practice and how to use it in your context (Kilo 1999) . This requires opportunities to try out and possibly modify the practice. Klein and her colleagues (2001) found that a broad set of policies and procedures-including time to experiment with a new technology-supported the implementation of a new technology. Similarly, our results suggest that the opportunity to become familiar with a portfolio of new practices was a second critical factor for implementation success. We extend Klein et al's (2001) work by identifying the purpose of different policies and practices (learn-what versus learnhow), and teasing apart their distinct roles in implementation success. We found a strong positive relationship between learn-how and implementation success. With activities ranging from seeking staff feedback to pilot tests and dry runs, learn-how appears to facilitate success in three ways. It allows practices to be (1) modified to fit the context, and provides opportunities for staff to (2) experiment with new practices and to (3) have a role in shaping the practices. Prior research suggests that first-hand experience with changes increases engagement with and commitment to changes, enabling implementation efforts to succeed (Uhlig et al. 2002) .
The advantages of learn-how do not ensure it will be used. Learn-how activities such as experimentation and collaborative problem-solving involve interpersonal risk (Edmondson 1999) , and so a climate of psychological safety may play an important role in implementing improved practices. We found that in NICUs where staff felt it was safe to ask questions and raise difficult issues, project teams used more learn-how, a result that echoes other research showing that interpersonal climate influences learning and change efforts (Edmondson 1999 , Larson et al. 2000 , Uhlig et al. 2002 . It also extends that research by revealing how interpersonal climate affects practice change-specifically, by enabling learning activities.
This research suggests that psychological safety, learn-how and evidence-based practices support project teams' ability to help their organizations learn -that is, to modify and improve how the organization's work is done. Project teams organize and lead this learning process. Evidence persuades others to join. Learn-how makes new practices work in a specific context, and psychological safety makes willingness to engage in this disruptive process possible. In this way, three factors work together to promote project team effectiveness in an organizational learning process.
Implications for Research
Our results provide preliminary support for an integrative theory of new practice implementation in hospitals and other complex service organizations. We show that constructs from separate research streams can work together to explain more variance than any of them separately. Drawing upon three literatures enabled us to provide a fuller description of practice implementation in settings where practice transfer requires modification -a description and model that explained considerable variance in implementation success. These findings suggest that other theories may benefit from the incorporation of constructs outside the usual domain of study, and that the variables explored in this research -evidence, learning activities, and psychological safety -should be considered in future research on new practice implementation. This collection of variables suggests a framework for exploring practice change. Scholars may begin by asking:
what are the relevant technical (e.g. knowledge-related), behavioral (e.g. learning approaches) and organizational influences (e.g. psychological safety) on the practice under study?
We paid particular attention in this study to examining learning behaviors, and in a relatively novel way.
To understand what project teams actually do to improve work practices at the unit level, we measured use of specific learning activities (e.g., literature reviews, dry runs) rather than general learning behavior (e.g., reflection), which to date has been the dominant approach in the TL literature (Edmondson 1999, van der Vegt and Bunderson 2005) . To our knowledge, this is one of few studies to take this approach (e.g., see Mukherjee et al. 1998 for another) and to include so many learning activities (12). In addition, the paper In addition to advancing empirical understanding and methodological approaches to the study of learn-what and learn-how, this research contributes a new variable to the literature on organizational learning: evidence-based support for practices. The significance of this construct suggests that future research on organizational learning should consider this knowledge-based attribute of practices in addition to tacitness (Nonaka and Takeuchi 1995) . Finally, our study results suggest that future research may need to consider psychological safety at the organizational level, which was positively associated with implementation success in this study. Most prior work on learning has measured psychological safety at the team level to predict team outcomes, with a study conducted by Baer and Frese (2003) that found organizational-level psychological safety to predict firm innovation as a notable exception. We measured psychological safety at the NICU-level and found that it predicted learn-how in project teams nested in the unit, which mediated a positive relationship between psychological safety and implementation success. However, future studies will have to tease apart whether psychological safety should be modeled as an enabler of learn-how or as a result of successfully implemented learn-how.
Implications for Practice
This study offers a starting point for health care organizations seeking to improve work practices. We start with the expectation that such organizations must set up project teams to investigate and implement new practices. We then propose that selecting a portfolio of practices supported by evidence is likely to prove motivating to both project team members and others. Further, project teams should provide opportunities for other staff to learn about the new practices through learn-how activities. The success of these steps depends on the cultivation of a climate of psychological safety within the organization.
More generally, we sought to understand factors that facilitate deliberate efforts to improve work practices, thus overcoming barriers to organizational learning. For example, the "not-invented-here" syndrome can lead to resistance of better practices developed outside an organization. Yet scientific evidence that a new practice is better than current practices may help motivate change -at least in a context where human life is at stake. A second barrier is a lack of knowledge or skill in carrying out a potentially better new practice. But, learn-how activities may help overcome this. A third barrier, the interpersonal risk of trying out new behaviors, can be partially reduced by a climate of psychological safety.
Limitations of the Study
Our results are inarguably most relevant for the health care delivery context; and we cannot assume they generalize to other industries. Medical care is characterized by readily available knowledge of best practices in the medical literature. In addition, non-profit collaborations create unique opportunities to leverage these existing best practices (e.g., Horbar et al. 2001) . Also NICU patients often remain in the unit for several months, and so the organization faces a long-term ongoing, rather than short-term, task. Thus, our results may have the most relevance for other long-term, collaborative work contexts, such as adult intensive care units, rehabilitation facilities, nursing homes, education, child care and social services.
Settings that vary on these dimensions, such as temporary organizations (e.g. humanitarian relief efforts) or short-term assignments (e.g. emergency response units) might provide an informative contrast.
The self-selection of NICUs into the collaborative creates another limitation of this study. Other NICUs might not possess the same level of commitment and resources to improve their outcomes, and more dramatic triggers may be required to produce organizational learning. Again, future research could assess how practice improvement works in less committed work units, as well as advancing the model presented in this paper using a larger sample size. Finally, although perceived implementation success has the advantage of being applicable across projects with different outcome measures (with varying measurement units), the absence of objective measures of implementation success is a limitation of this study.
Conclusion
This paper offered a novel conceptualization of organizational learning in complex service organizations in which implementation of new practices was carried out by project teams, each focused on specific set of practices as a target for learning. These project teams function as engines of learning for the organization. They provide accountability -thereby helping their organizations overcome well-known barriers to learning. Success is by no means assured with this approach, however. We thus also offered preliminary evidence of three factors that may help promote the success of such efforts. The organizations studied here appeared to have greater success when they implemented practices supported by extensive evidence and when project team members engaged in learning activities designed to promote engagement and understanding throughout their unit. Finally, organizational learning appeared more likely in psychologically safe climates. This paper aims to facilitate future research by identifying and measuring micro-activities of organizational learning, and especially by demonstrating their role in addressing health care's quality improvement challenge. ^ = p<=.10; * = p < 0.05 (two-tailed); ** = p < .01 (two-tailed); *** = p < .001 (two-tailed) .65 -.07 .22 .78 ^ < 0.10, * p < 0.05; ** p < .01; *** p < .001 a Past collaborative participation: indicator variable with the referent of participation in two prior collaboratives. b Level of care provided by the NICU: indicator variable with the referent of all types of surgeries performed.
